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Abstract  
The aim of this paper is to investigate the relation between marine 
casualty and dry bulk cargo freight rate according to the existence of 
spurious accident phenomenon in the dry cargo vessel accidents. 
According to the conventional expectation, the volume of marine accidents 
is a random process since it is accidently occurred and not a man-made 
outcome. Under this circumstance, it is expected that the volume of marine 
accidents should be statistically uncorrelated with the freight market rates 
and positively correlated with the fleet size. However, the existence 
statistics on dry cargo marine accidents indicate high level of negative 
correlation with freight markets (-0.95 for no. of vessels and -0.79 for the 
volume of accidents in dwt) and also high level of negative correlation 
with the fleet size (-0.81 for the volume of accidents in dwt). The 
asymmetric interaction between the widely accepted facts and the 
statistical foundations is the main concern of this paper which is named the 
“Fallacy of Random Marine Accidents (FRMA)”. The possible reasons of 
the FRMA phenomenon are considered to be based on the man-made 
marine accidents because of the financial collapse or as the well known 
term the credit default risk.  
Key Words : Marine Accident Fallacy, Freight Market, Causality Analysis, Dry 
Cargo Shipping  
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I. Introduction
Transport is the most important link in economic relations and influences 
the development of the world economy. The largest part of commercial 
transportation is carried out by the different kind of ships, and total seaborne 
trade reached 8.4 billion tons (90% of all global trade) cargo in 2010 
(UNCTAD, 2011). The volume of trade has been grown due to a number of 
technological, economic, and socio-cultural reasons and also they cause to 
increase the number of ship. The gross tonnage of merchant fleet is 883 
million ton in 2009 while it was just around 80 million ton in 1950. Between 
1950 and 1978, the augmentation of the shipping fleet caused an increase in 
number of marine accident and casualty. After that time, however, 
International Maritime Organization (IMO) has decreased it with the new 
regulation (e.g. SOLAS and MARPOL).  
Although the total marine casualty (MC) has been decreased in long 
term, it increases perceptibly in some period. This paper investigates the 
marine accidents and dry cargo freight market according to the existence 
of spurious accident phenomenon in the dry cargo vessel accidents. 
According to the conventional expectation, the volume of marine accidents 
is a random process since it is accidently occurred and not a man-made 
outcome. Under this circumstance, it is expected that the volume of marine 
accidents should be statistically uncorrelated with the freight market rates 
and positively correlated with the fleet size. However, the existence 
statistics on dry cargo marine accidents indicate high level of negative 
correlation with freight markets (-0.95 for no. of vessels and -0.79 for the 
volume of accidents in dwt) and also high level of negative correlation 
with the fleet size (-0.81 for the volume of accidents in dwt).  
There are five main type of accident (foundered, missing, fire/explosion, 
collision, wrecked) determined to cause the MC (Lloyd’s Register-Fairplay 
World Casualty Statistics or Casualty Return reports). In the existing 
literature, many studies investigate the reason of MC and they revealed 
that human error is the primary factor in the majority of all type of MC 
(Chauvin, 2011; Hetherington et al., 2006; O’Neil, 2003; Romer et al., 
1995; Chen, 2010). On the other hand, some studies analyse the economic 
factors that influence the MC. For instance, Goulielmos and Giziakis 
(1998) investigate the effectiveness of cost-benefit theory on the 
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acceptable level of marine casualties in the concept of the welfare 
economics. Bijwaard and Knapp (2008) analyze the ship life cycles that 
influence the economic cycles and they realized that  
“Another interesting finding is that for the majority of ship types, an 
increase in earnings decreases the incident rate.” 
In the traditional perspective, the increase of freight rates contributes to 
the perfect utilization of shipping fleet and the vessel traffic increases 
correspondingly. At the same time, the fleet statistics indicate that the size 
of total dry cargo fleet increased exponentially in 2000s. The asymmetric 
interaction between the widely accepted facts and the statistical 
foundations is the main concern of this paper which is named the “Fallacy 
of Random Marine Accidents (FRMA)”. 
The possible reasons of the FRMA phenomenon are considered to be 
based on the man-made marine accidents because of the financial collapse 
or as the well known term the credit default risk. In case of the freight 
market downturn, one of the critical threats of shipping business is the 
loan amortization and many ship-owners encounter for possible 
bankruptcy. As an illegal release of the credit conflict, man-made marine 
accidents increase with the economic recession and it declines by the fleet 
utilization and capital abundance. Since the ships are economically 
operated and the debt is easily paid in the boom market conditions, the 
existing shipping assets are required to be utilized and operated well. 
The remainder of this paper is structured as follows: Section 2 
summarizes the data description and vector auto regression model to 
control the hypothesis. In section 3, empirical study and results will be 
discussed and Section 4 concludes the paper.  
 
II. Methodology
1. Data Description 
As it is mentioned before, five different type of marine accidents are 
determined for the marine casualty; however, the type of missing, collision 
and wrecked could not be used intentionally for the MC by the owner. 
Figure 1 displays the correlation between different types of marine 
casualties than fire/explosion and foundered with freight rate, and their 
correlation is found low, 0.41.  
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<Figure 1> The correlation between freight rate and different type of MC than fire, 
explosion and foundered 
 
Figure 2 and 3 illustrate the marine accident data and BDI in smoothed 
particulars (centred moving average of five years is performed to exclude 
irregular oscillations). Both figures indicate that there is a strong negative 
relationship between marine accidents and the freight market. Therefore, 
the number of MC related with fire, explosion and foundered is just 
considered as a variable in analysis of hypothesis. 
 
<Figure 2> Marine casualty (number of vessels) and BDI 
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<Figure 3> Marine casualty (total DWT of vessels) and BDI 
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This study investigates the relationship between the nature of marine 
casualties and freight rates. However, the ratio of the marine casualties 
within the entire fleet is preferred for further analysis to elicit scale 
changes by the increasing size of the fleet. The ratio (R in eq. 1) between 
the number of casualty and the total tonnage of dry bulk and general cargo 
carriers is considered as a dependent variable through the intended 
assessments. 
 
t
t
t
CR
D
 
      
(eq. 1)
 
 
where Rt is ratio: Ct represents the MC of dry bulk carriers and Dt 
represents total DWT of  dry bulk carriers. 
As an indicator of freight market, Baltic dry index (BDI) (F) is utilized 
for modelling the proposed hypothesis. Dataset used in this study is based 
on 1987-2009 in annual frequencies and it is collected from Clarkson’s 
Shipping Review and Outlook Database and Lloyd’s Register-Fairplay 
World Casualty Statistics or Casualty Return reports (MC statistics). 
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2. Vector Autoregression (VAR) Model 
This study is based on hypothesis that investigates whether existence the 
relationship between the MC and freight rate. The tentative hypothesis is 
that lower levels of freight rate cause the higher levels of marine casualty, 
but not vice versa. It has been well known that there are many possible 
types of linear association or structural equation models that could be 
generated, based on a specific multivariate data set. Since the vector 
autoregression (VAR) models can be generated conditional structural 
analysis, VAR model can summarize explicitly the resulting causal impacts 
on the variables in the model. According to the result of cointegration rank 
test, the vector autoregression (VAR) model is appropriate to control the 
hypothesis, and the framework of VAR model is in equation (2): 
G
1 1 2 2 1 21 2... ...t t k t k kt t t t k tR R R R F F FI I ID E E E H              G k=1,2,...,n.G(eq.2) 
 
where n is the proper lag number: Į is a constant amount: İ is the noise 
term: Rt  represents the ratio between MC and total DWT of dry bulk 
carriers, and Ft  represent freight rate (BDI) as a explanatory variable.  
One of the summary statistics of standard VAR model is the Granger 
causality (Engle & Granger, 1987) test that is a critical step to consider 
whether the lags of one variable enter into equation to predict another 
variable in model. Therefore, the Granger causality test is applied to 
investigate whether there is correlation between the ratio of MC and 
freight rate by using following equation: 
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1 1 1 1
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p p p p
j t j j t j k k
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     ¦ ¦ ¦ ¦ G G (eq.3)G
where p is the maximum number of lagged observations included in the 
model (the lag order). The unit root test is widely used to control 
stationarity on the data sets for the linear regression model. However, 
Engle and Granger formalised the co-integrating vector approach and they 
stated that the co-integration must be taken into account when choosing a 
technique to test hypothesis concerning the relationship between two 
variables having unit roots. Trace and Max-Eigen test are applied to 
control co-integration between variables. 
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III. Empirical Study 
The empirical study is conducted with the marine accident data for dry 
cargo ships (over 3000 dwt) including fire, explosion and foundered ships. 
As the freight market indicator, the Baltic Dry Index (BDI) is selected 
since it is the composite index of several sizes of dry cargo carriers.  
The descriptive statistics of the variables (number of observations, mean, 
standard deviation, max, and minimum) are presented in Table 1. All data 
series have excess skewness and kurtosis. Coefficient variance (C.V.) 
states low variance for the BDI and R.  Table 2 displays that there is one 
co-integration equation at the 0.05 level based on the trace test, as well as 
the maximum eigenvalue test. It means that the vector autoregressive 
model is eligible for the proposed investigation.  
 
<Table 1> Descriptive statistics of the first order differenced data (1987-2009) 
    BDI R
 Mean   2233.73  0.067  
 St. Dev.   1677.08  0.024  
 Maximum  7089  0.093  
 Minimum  946.83  0.018  
 Skewness  1.827  -0.703  
 Kurtosis   5.340  2.030 
 C.V.*   0.752  0.358 
* Coefficient of variation. 
 
In order to obtain additional results or conduct further analysis, Figure 4 
displays the graphical representation of the roots by using a complex 
coordinate system. All roots are inside the unit circle, which indicates that 
the VAR model is found to satisfy the stability condition for our 
hypothesis. 
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<Table 2> Unrestricted cointegration rank test 
Hypothesized 
Eigenvalue 
Trace 
Statistic 
0.05 
Critical Value Prob.** No. of CE(s) 
None* 0.502733 13.97779 15.49471 0.0836 
At most 1 0.000261 0.005227 3.841466 0.9417 
Trace test indicates one cointegration at the 0.05 level 
Hypothesized 
Eigenvalue 
Max-Eigen 
Statistic 
0.05 
Critical Value Prob.** No. of CE(s) 
None* 0.502733 13.97256 14.26460 0.0555 
At most 1 0.000261 0.005227 3.841466 0.9417 
 Max-eigenvalue test indicates one cointegration at the 0.05 level. 
 * denotes rejection of the hypothesis at the 0.05 level. 
 **MacKinnon-Haug-Michelis p-values. 
 
<Figure 4> Inverse roots tests for the VAR  
 
The lag order selection is a critical step for the accuracy of VAR model. 
The results for various selection criteria (the final prediction error (FPE), 
Akaike’s information criterion (AIC) (Akaike, 1974), Schwarz’s Bayesian 
information criterion (SIC) (Gideon, 1978), and Hannan and Quinn 
information criterion (HQIC) (Hannan & Quinn, 1979) are listed in Table 
3 and the fifth lag based on the indicator of all criteria is strongly 
recommended to select as a lag order. 
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<Table 3> The lag order selection criteria 
 Lag LogL FPE AIC SIC HQ 
0 -108.7601  1564.174  13.03060  13.12862  13.04034 
1 -99.20964  820.0113  12.37760  12.67168  12.40684 
2 -93.33592  676.6905  12.15717  12.64729  12.20589 
3 -83.99009  386.2057  11.52825  12.21442  11.59645 
4 -80.90103  492.4163  11.63542  12.51764  11.72311 
5 -70.25523   290.1670*   10.85356*   11.93183*   10.96074* 
6 -68.90049  639.0561  11.16476  12.43909  11.29143 
* indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% level) 
FPE: Final prediction error 
AIC: Akaike information criterion 
SC: Schwarz information criterion 
HQ: Hannan-Quinn information criterion 
 
According to the Table 4, coefficient of second and fifth lags for R and 
coefficient of second, third, fourth and fifth for F are statistically 
significant for the first VAR model of ratio of marine casualty. On the 
other hand, F is positively related to its own coefficient of first lag, and 
negatively related its coefficient of fifth lag and coefficient of third lag for 
R for the second VAR model. It is clearly expressed that both high 
t-statistics and co-efficient reveal that the direction of lead-lag effect is 
strongly presented from freight rate to marine casualty. In addition, the aim 
of this study is not to forecast the MC by using generated VAR model; 
however, R-squared is found high, 0.90, and it satisfies that the VAR 
model can represent to explain MC by explanatory variable (freight rate). 
It is assumed that each of the error terms does not have serial correlations 
or autocorrelations. The null hypothesis that is no serial correlation in all 
lag order test for the residuals of VAR model is accepted under P-value by 
using the LM test (Breusch, 1978) (Table 4). 
The null hypothesis that freight rate (BDI) is not a Granger-cause of 
ratio of MC(R) is rejected based on the p-value with df=5 (Table 5). 
Therefore, the direction of causality has unidirectional from freight rate to 
ratio of MC (FĺR). Granger causality test indicates that the first VAR 
model in which dependent variable is a ratio of MC could be used for our 
hypothesis. 
The empirical results significantly indicated the existence of co-trended 
behaviour and the statistical causality from freight market to marine 
casualties. Under these evidences, a number of reasons are considered to 
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interpret the casualty between series. 
x A number of ship-owners intentionally prefer to demolish their ships 
through a marine accident (voluntary loss theory), 
x High revenues of peak market may contribute to increasing 
investments on safety issues on board and at office level while the low 
revenues cause the decline of salaries and diminish the motivation of 
seafarers and staff. 
In case of the first alternative, the role of debt finance and credit risk 
should be investigated. The existing procedures of hull and machinery 
insurance may not prevent the intentional accidents. Rather than 
restructuring the existing debt issue, the compensation of H&M insurance 
should have been preferred while violating ethics of business. 
The second alternative is more related with the derived impacts of 
revenues. Since the freight rates increase, ship-owners will be flexible for 
cost of operation and tend to compensate safety related expenses. In 
recession period, the relative decline of salaries and manning cost is an 
industrial fact. In some cases, ship-owners are not able to pay salaries on 
time. Fiscal concerns may de-motivate seafarers to serve in good manner 
and maritime profession. Lack of motivation and attention can be 
interpreted as an impact for the co-trended results. 
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<Table 4> The VAR models for ratio of maritime casualty and freight rate 
1 1 1 2 2 3 3 4 4 5 5 1 1 2 2 3 3 4t t t t t t t t ttR R R R R R F F F FD E E E E E I I I I               
Variables Estimated Standard Coefficient 
t-statistics 
Error 
Ƚͳ -0.040 0.049 -0.812 
ɴ1 0.514 0.236 2.181* 
ɴ2 0.251 0.237 1.058 
ɴ3 -0.159 0.247 -0.643 
ɴ4 0.171 0.216 0.792 
ɴ5 0.338 0.209 1.617** 
઴1 1.96E-06 5.2E-06 0.374 
઴2 -1.74E-05 6.5E-06 -2.662* 
઴3 2.17E-05 9.8E-06 2.223* 
઴4 -1.92E-05 1.2E-05 -1.634** 
઴5 3.01E-05 1.0E-05 2.973* 
R-squared 0.900 AIC -5.551 
Adj. R-squared 0.757 SBIC -5.007G
2 1 1 2 2 3 3 4 4 5 5 1 1 2 2 3 3 4t t t t t t t t ttF F F F F F R R R RD I I I I I E E E E                
Ƚʹ -7519.99 2842.17 2.64 
઴1 0.48 0.30 1.60** 
઴2 -0.49 0.37 -1.32 
઴3 0.56 0.56 1.00 
઴4 0.35 0.67 0.52 
઴5 -1.22 0.58 -2.10* 
ɴ1 -15853.91 13620.00 -1.16 
ɴ2 6960.00 13687.40 -0.50 
ɴ3 -21041.91 14287.10 -1.47** 
ɴ4 -7382.05 12462.90 -0.59 
ɴ5 -13702.19 12086.40 -1.13 
R-squared 0.900 AIC -5.551 
Adj. R-squared 0.757 SBIC -5.007 
LM test [15] 0.5395 p-value 0.9695  
* Significant at %5 confidence level 
** Significant at %10 confidence level 
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IV. Conclusion 
 
The largest part of commercial transportation which is influenced by 
endogenous change is carried out with ships and its volume has been 
reached to 8.4 billion tons. In order to prevent marine casualty increases, 
the new regulations have been promulgated by the IMO. However, marine 
accidents and casualty increase in some specific period. This paper 
discusses the hypothesis whether the statistical significance exists between 
marine casualty and freight rate. The Granger-cause test displays the 
existence of unidirectional casualty from freight rate to marine casualty. 
Therefore, the one of VAR model in which the freight rate is explanatory 
variable is found significant for our hypothesis. 
In addition, there are two different reasons considered to explain this 
correlation between marine casualty and freight rate. One of them is 
voluntary loss theory that explain a number of ship-owners intentionally 
prefer to demolish their ships in economic recession (freight rate 
downturn). The second one can be related with low revenue which 
influences to minimize the operation cost of ship management. It also 
affects negatively ship owners to compensate the expenses related safety 
on ship and de-motivate seafarers to serve their duties.* 
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